INTRODUCTION
============

Application of GICs in conjunction with composite resin is a conventional restorative method known as the "sandwich technique". This technique combines the optimal properties of composite resins (i.e. optimal esthetics and wear resistance) with those of GICs (i.e. durable bond with dentin and long term release of fluoride) \[[@B1],[@B2]\].

In order to achieve a successful sandwich technique restoration, a strong bond between the composite resin and the GIC is required to overcome the internal stresses related to the setting of the composite resin and the clinical stresses imposed in long-term \[[@B1]\].

Numerous factors affect the quality of the bond between the composite resin and the conventional GICs which include the time elapsed between mixing the cement and etching \[[@B3],[@B4]\], the etching time \[[@B5]\], type of cement \[[@B6]\], application of an intermediate unfilled resin \[[@B4],[@B7]\] and the properties of the unfilled resin such as wettability and texture \[[@B8]\]. The bond between the conventional GIC and composite resin is micromechanical and achieved through irregularities developed on the surface of the GIC during the bonding procedure (i.e. similar to bonding composite resin to dental hard tissues).

These porosities are formed by acid etching using phosphoric acid. It was demonstrated that rapid etching of the newly set GIC may compromise its mechanical properties and bond strength; whereas delaying the etching by up to 24 hours post application of cement improved the bond strength \[[@B9]\]. Some have suggested delaying the etching for 15 minutes after the initiation of mixing \[[@B3]\]. Since long deferment is impractical, researchers have proposed the application of resin-modified GICs, to form a direct chemical bond between the methacrylate components in both materials within a shorter period of time \[[@B10]\].

Currently, there is an increasing trend toward the use of self-etch bonding systems. These systems contain acidic monomers, which are capable of concurrent etching and priming, eliminating the need for extra steps of etching and rinsing. This reduces technique sensitivity and the overall duration of the procedure resulting in improved clinical efficacy \[[@B11]\].

Although numerous studies have been carried out on different properties of sandwich restorations including bond strength, microleakage and the clinical efficacy of this technique, the majority of these studies have studied the etch and rinse bonding systems \[[@B12],[@B13]\].

Ghassemi et al. conducted a study on the bonding application time in association with the microleakage of Class V sandwich restorations and revealed that time did not affect microleakage at the occlusal margins; whereas, in the gingival margins, microleakage decreased with time \[[@B14]\].

However, there is limited information regarding the effect of bonding application time in self-etch systems on the bond strength between GICs and composite resins. Thus, the present study sought to evaluate the effect of etching time and the application of self etch bonding systems on the microshear bond strength between composite resins and GICs.

MATERIALS AND METHODS
=====================

The present in vitro study involved the use of four types of GICs: Two resin-modified GICs namely Riva Light Cure (SDI) and Fuji II LC (GC International), and two conventional GICs namely Riva Self Cure (SDI) and Fuji II (GC International), two bonding systems namely an etch & rinse Stea (SDI) and self etch Frog (SDI) and a light cure composite resin (Z100, 3M ESPE).

[Table 1](#T1){ref-type="table"} lists the materials evaluated in this study. A total of 160 GIC specimens were made using molds with dimensions of 2×4×6 mm.

###### 

Materials evaluated in this study

  **Material**                                                                                                                                           **Type**                       **Composition**                                                                                                                             **Manufacturer**                       **Working time**   **Setting time**
  ------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------- ------------------ ------------------
  **Fuji II**                                                                                                                                            Conventional glass ionomer     **Powder**: Fluoroaluminosilicate glass                                                                                                     GC International Corp., Tokyo, Japan   1 min., 45 s       5 min., 30 s
  **Liquid:** Acrylic acid, maleic acid, tartaric acid, water                                                                                                                                                                                                                                                                                                                                 
  **Fuji II LC**                                                                                                                                         Resin modified glass ionomer   **Powder:** Fluoroaluminosilicate glass                                                                                                     GC International Corp., Tokyo, Japan   3 min, 45 s        20 s
  **Liquid:** Acrylic acid, maleic acid, HEMA, water, camphorquinone                                                                                                                                                                                                                                                                                                                          
  **Riva Self Cure**                                                                                                                                     Conventional glass ionomer     **Powder:** Fluoroaluminosilicate glass                                                                                                     SDI, Victoria, Australia               1 min., 40 s       6 min.
  **Liquid:** Acrylic acid, tartaric acid, water                                                                                                                                                                                                                                                                                                                                              
  **Riva Light Cure**                                                                                                                                    Resin modified glass ionomer   **Powder:** Fluoroaluminosilicate glass                                                                                                     SDI, Victoria, Australia               2 min., 10 s       20 s
  **Liquid:** Acrylic acid, HEMA, water, camphorquinone                                                                                                                                                                                                                                                                                                                                       
  **Frog**                                                                                                                                               Etch & rinse bonding           **Primer:** Phosphoric acid ester monomer, 2-hydroxyethyl methacrylate (HEMA), Dimethacrylate monomer, Water, Photoinitiators, Stabilizer   SDI, Victoria, Australia               \-                 20 s
  **Bonding agent:** Phosphoric acid ester monomer, 2-hydroxyethyl methacrylate (HEMA), Dimethacrylate monomer, Silicon dioxide filler, Photoinitiator                                                                                                                                                                                                                                        
  **Stae**                                                                                                                                               Self etch bonding              Acrylic monomer, Acetone, Fluoride, Stabilizer                                                                                              SDI, Victoria, Australia               \-                 20 s
  **Z100**                                                                                                                                               Composite resin                BIS-GMA (Bisphenol A diglycidyl ether dimethacrylate), TEGDMA (triethylene glycol dimethacrylate), 66% (volume) silica/zirconia filler      3M ESPE, St. Paul, MN, USA             \-                 40 s

The GICs were prepared according to the manufacturers' instructions. After filling the molds with the cement, the surface was covered with a Mylar strip and a glass slab was placed on top of them to achieve a smooth surface. The surface of the conventional GICs was then prepared using the Stea and Frog bonding systems at three time points (after working time, immediately after setting and 15 minutes after mixing). The resin-modified GICs were also etched using the two bonding systems immediately after curing. [Table 2](#T2){ref-type="table"} shows the study groups and the preparation procedures.

###### 

Study groups and microshear bond strength values of GICs

  **Group[\*](#TFN1){ref-type="table-fn"}**   **Glass inomer**   **Bonding agent**   **Time**                  **Mean± SD[\*\*](#TFN2){ref-type="table-fn"}**
  ------------------------------------------- ------------------ ------------------- ------------------------- ------------------------------------------------
  1                                           Riva Self Cure     Stae                After working time        12.59±4.48
  2                                           Riva Self Cure     Stae                After setting             13.78±6.08
  3                                           Riva Self Cure     Stae                15 minutes after mixing   9.72±4.38
  4                                           Riva Light Cure    Stae                After curing              14.47±2.25
  5                                           Fuji II            Stae                After working time        15.35±6.50
  6                                           Fuji II            Stae                After setting             19.93±8.48
  7                                           Fuji II            Stae                15 minutes after mixing   16.91±3.90
  8                                           Fuji II LC         Stae                After curing              27.81±8.14
  9                                           Riva Self Cure     Frog                After working time        16.65±3.36
  10                                          Riva Self Cure     Frog                After setting             10.96±4.96
  11                                          Riva Self Cure     Frog                15 minutes after mixing   11.69±3.20
  12                                          Riva Light Cure    Frog                After curing              19.30±8.95
  13                                          Fuji II            Frog                After working time        18.89±7.35
  14                                          Fuji II            Frog                After setting             15.74±7.76
  15                                          Fuji II            Frog                15 minutes after mixing   13.61±3.05
  16                                          Fuji II LC         Frog                After curing              25.96±9.95

10 specimens in each group

SD: Standard deviation

Glass ionomer surface treatment:
--------------------------------

For the etch & rinse group (Stea), the surface of the GIC blocks was initially etched with 37% phosphoric acid for 15 seconds, rinsed (10 seconds) and moist-dried. The bonding was then applied and cured for 40 seconds using Arialux (650 mW/cm^2^) light curing unit (ApadanaTak, Tehran, Iran).

For the self-etch group (Frog), the surface of the GIC blocks was initially treated by the primer for 10 seconds and gently dried with air spray. The bonding agent was then applied using a fine applicator and gently dried and cured for 10 seconds. Finally, Z100 composite resin (A2) in plastic tubes (Tygon tubes) with an internal diameter of 0.7mm and height of 1mm was placed on the surface of the GIC holding the tube perpendicular to the specimens. The composite was cured for 40 seconds and subsequently stored in distilled water (37°C) for 24 hours. The tubes were then cut using a scalpel and removed from around the composite resins. To evaluate the microshear bond strength, the samples were placed in a microtensile tester (Bisco, Schaumburg, IL, USA) and subjected to microshear stress at a crosshead speed of 1 mm/min. The force needed to break the samples was recorded in Newton and the microshear bond strength was calculated by dividing the maximum force by the surface area of the specimens (MPa). The data were subjected to three-way ANOVA and Tukey's test. Level of significance was set at P\<0.05.

To assess the surface characteristics of glass ionomers after different treatments under scanning electron microscope (SEM), one more specimen was made in each group. Each specimen was treated the same as its corresponding group; the only difference was that on these specimens no adhesive resin was applied. Samples were then mounted on SEM stubs and sputter coated with gold. Characteristic photomicrographs were obtained at ×1000 magnification.

RESULTS
=======

[Table 2](#T2){ref-type="table"} illustrates the microshear bond strength values in conventional GICs treated with the two bonding systems at different times. The multivariate effect of the two brands of GICs, two bonding systems and the three different times on the microshear bond strength was assessed using the three-way ANOVA.

The test results failed to reveal a significant three-way combined effect of the covariates or the interaction effect of the GIC-bonding agent and the GIC-time on the bond strength. However, the cross-effect of the bonding and time was significant (P\<0.05). In other words, microshear bond strength at different intervals was shown to be affected by the type of bonding agent. On the other hand, the type of GIC markedly affected the bond strength (P\<0.001).

The results yielded significantly higher bond strength in Fuji II compared to Riva Self Cure, regardless of the type of bonding agent and time.

To further evaluate the correlation between the bonding material and time, the effect of the two factors on microshear bond strength was calculated using the two-way ANOVA. It was observed that in the Riva Self Cure group, the type of bonding agent failed to affect the bond strength (P=0.365), while the bonding application time significantly affected the bond strength (P\<0.05). Tukey's test for pairwise comparison of the bonding application times revealed that the maximum bond strength was achieved with immediate application of the bonding agent while the minimum bond strength was achieved when the bonding agent was applied 15 minutes after mixing. In the Fuji II group, the time and type of bonding agent had no effect on the microshear bond strength.

[Table 2](#T2){ref-type="table"} summarizes the microshear bond strength values of resin-modified GICs relative to the type of bonding agent. Two-way ANOVA was applied to compare the microshear bond strength values between the two brands of resin-modified GICs (Fuji II LC and Riva Light Cure) and to assess the effect of type of bonding system on microshear bond strength. The statistical analyses revealed no significant interaction effect between the type of bonding agent and the type of resin-modified GIC.

Furthermore, applying either of the two bonding systems on the two brands of GICs failed to result in different bond strength values. This suggested that the type of bonding material had no significant effect on the microshear bond strength. However, the type of resin-modified GIC demonstrated a significant effect on the shear bond strength (Fuji II LC exhibited higher microshear bond strength compared to Riva Light Cure)([Table 1](#T1){ref-type="table"}).

The SEM analysis revealed that etching in early stages produced more irregularities. This phenomenon was more obvious in Riva Self Cure. However, it was recognized that Fuji II yielded a more irregular and coarse surface than Riva self cure at all time points ([Figs. 1A](#F1){ref-type="fig"}--[1F](#F1){ref-type="fig"}). In addition, self etch primer made a different surface with lower roughness in comparison with phosphoric acid as seen on SEM micrographs ([Figs. 2A](#F2){ref-type="fig"}--[2F](#F2){ref-type="fig"}). Light cured GICs' surface was obviously different. Fewer irregularities were seen on their surfaces after etching or priming; in other words, a smoother surface was observed in all samples ([Figs. 3A](#F3){ref-type="fig"}--[3D](#F3){ref-type="fig"}).

![SEM micrographs of self cure GICs treated with phosphoric acid](JOD-12-859-g001){#F1}

![SEM micrographs of self cure GICs treated with self etch primer](JOD-12-859-g002){#F2}

![SEM micrographs of light cure GICs](JOD-12-859-g003){#F3}

DISCUSSION
==========

Application of GIC under composite restorations (Sandwich technique) is a common restorative procedure, with the desired properties of both materials. To attain optimal results, adequate bond strength is required between the composite resin and the GIC to resist the stresses developed during the setting of the composite and over long-term clinical service. For the first time, McLean et al. attempted to etch the surface of the GIC via phosphoric acid and used resin bonding agent to bond composite to GIC \[[@B15]\]. Generally, etch and rinse bonding systems have widely been used in sandwich technique restorations. However, given the nature of the tooth structure and properties of dentin, this system presents problems such as inadequate etching, rinsing and drying and compromised bonding ability \[[@B16]\]. Thus, with the introduction of self-etch systems, researchers tried to overcome these shortcomings.

One of the major concerns of clinicians with regard to the use of sandwich technique is the time of bonding application.

A considerable amount of time may be required for complete setting of the GIC and its favorable properties. Lund et al. believed that contamination of GICs with moisture prior to complete maturation, results in increased solubility and decreased mechanical resistance of the substance \[[@B17]\]. This study was, therefore, conducted to evaluate the effect of bonding application time on the bond strength between GIC and the composite resin and the possibility of applying the bonding agent at the early stages of setting while achieving optimum properties.

The results revealed that Fuji II and Fuji II LC displayed higher microshear bond strength compared to Riva Self Cure and Riva Light Cure. This difference may be due to possibly higher strength of Fuji II compared to that of Riva as it has been stated that bond strength is a function of cohesive strength of a material. The other factor, which may account for the higher bond strength of Fuji II is the rougher surface of this material as revealed on SEM micrographs ([Figs. 1D, 1E and 1F](#F1){ref-type="fig"}). Unfortunately, the available data fail to allow for direct comparison between the two brands. The results indicated that only Riva Self Cure group was affected by time. The highest bond strength was achieved immediately after working time and the lowest bond strength was recorded 15 minutes after mixing the cement. In other words, the bond between Riva Self Cure and the composite resin became weaker with time and maturation of the cement. Riva Self Cure manufacturers claim that this product has low acid erosion.

Therefore, it may be legitimate to assume that with complete setting and maturation of the material, the solubility of the cement decreases significantly resulting in reduced porosity and micromechanical retention and ultimately reduced bond strength. This may explain why in the early stages of mixing when the cement had not reached complete maturation it demonstrated greater solubility in acid and was likely to provide optimum surface roughness and porosities for a stronger bond. In fact, SEM micrographs supported these findings in which the roughest surface was seen when Riva Self Cure was etched after working time ([Fig. 1A](#F1){ref-type="fig"}).

Regarding the differences noted between the two brands of GICs, it may be appropriate to claim that as Fuji II reaches maturation at a faster rate, its solubility is not significantly affected by time. Therefore, we tend not to see any significant differences in the bond strength at different times. Riva Self Cure, on the other hand, undergoes maturation at a slower rate; hence it demonstrates greater solubility in the early stages of maturation and gradually becomes less soluble rendering less surface roughness with time and resulting in compromised bond strength. Actually, SEM micrographs showed that etching of Riva self cure in early stages made a rougher surface ([Figs. 1A, 1B and 1C](#F1){ref-type="fig"}) In contrast, the rough surface of Fuji II exhibited an identical pattern at all time points ([Figs. 1D, 1E and 1F](#F1){ref-type="fig"}).

Ghassemi et al. evaluated the microleakage of class V sandwich restorations and concluded that in all self-cure GICs treated with the total-etch bonding system, microleakage significantly decreased in gingival margins over time \[[@B14]\]. This was in line with the findings of the current study showing that when the cement is exposed to acid at early stages of maturation, greater surface roughness would be achieved rendering a stronger bond and less microleakage.

These hypotheses are supported by previous studies on the solubility of GICs. Gemalmaz et al, \[[@B18]\] and Oilo \[[@B19]\] reported that GICs displayed minimum solubility six to seven minutes after the initiation of the setting reaction, and the solubility decreased with time and maturation of the cement. Furthermore, Hamouda showed that there was a direct correlation between solubility and surface roughness \[[@B20]\].

Our results also revealed that resin-modified GICs developed a stronger bond compared to the conventional ones. Numerous reasons explain this finding. The residual unpolymerized HEMA molecules on the surface of the set resin-modified GIC can facilitate wetting by the bonding agent and the composite resin during the bonding procedure. Furthermore, the presence of unreacted methacrylate groups within resin-modified GICs and presence of oxygen inhibition layer on the surface can develop a strong chemical covalent bond with the bonding resin, which enhances the bond strength of GICs \[[@B21]--[@B23]\]. Moreover, due to the higher cohesive strength of resin-modified GICs versus the conventional GICs, the former cements display greater cohesive strength, which may account for this difference. Resin-modified GICs set faster due to their light curing mechanism; therefore, the effect of etching or priming systems on the surface of these cements significantly differs from that of conventional GICs. The smooth surface of resin-modified GICs as seen on SEM micrographs support a faster setting and, in turn, less solubility ([Fig. 3](#F3){ref-type="fig"})

This study failed to show any difference in terms of the bond strength among the two bonding systems, i.e. self-etch and etch and rinse. Thus, based on a previous study by Zhang et al, reporting a stronger bond between self-etch bonding systems and conventional GICs compared to etch and rinse systems \[[@B24]\], it may be concluded that the new generations of bonding systems can be readily used in sandwich technique restorations.

CONCLUSION
==========

Based on the findings of the present study, postponing the application of the new generations of bonding systems on GICs to achieve more optimal results, is unnecessary and fails to affect the bond strength of composite resin to GICs.
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